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Foreword

The Microgravity Materials Science Conference was held June 10 - 11, 1996 at the Von
Braun Civic Center in Huntsville, Alabama. It was organized by the Microgravity
Materials Science Discipline Working Group, sponsored by the Microgravity Science and
Applications Divisionp at NASA Headquarters, and hosted by the NASA Marshall Space
Flight Center and the Alliance for Microgravity Materials Science and Applications
(AMMSA). It was the second NASA conference of this type in the microgravity materials
science discipline. The microgravity science program sponsored approximately eighty
investigations and sixty-nine principal investigators in FY96, all of whom made oral or
poster presentations at this conference. The conference’s purpose was to inform the
materials science community of research opportunities in reduced gravity in preparation for
a NASA Research Announcement (NRA) scheduled for release in late 1996 by the
Microgravity Science and Applications Division at NASA Headquarters. The conference
was aimed at materials science researchers from academia, industry, and government. A
tour of the MSFC microgravity research facilities was held on June 12, 1996. This volume
is comprised of the research reports submitted by the Principal Investigators after the
conference and presentations made by various NASA microgravity science managers.
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MICROGRAVITY MATERIALS
SCIENCE CONFERENCE

Von Braun Civic Center
Huntsville, AL
June 10-11, 1996

Topics of Interest in
Microgravity Materials Science

J. H. Perepezko
University of Wisconsin-Madison

June 10, 1996
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MSAD Materials Science Discipline Working Group:
Professor John H. Perepezko (chair), University of
Wisconsin
Dr. Frank R. Szofran (vice-chair), NASA-Marshall
Professor Timothy Anderson, University of Florida
Professor Jonathan Dantzig, University of lilinois
Dr. Richard H. Hopkins, Northrop Grumman
Science and Technology Center
Professor Dennis W. Readey, Colorado School of
Mines
Professor Rohit Trivedi, lowa State University
Professor Peter W. Voorhees, Northwestern
University
Dr. Michael J. Wargo, NASA Headquarters
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A LESSON

There is abundant and compelling evidence
that any space experiment must be planned,
executed, and analyzed carefully following
the knowledge base developed from
terrestrial studies. When this approach has
been pursued, real progress and significant
advancement of microgravity science have
been achieved.
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General Issue

Reliable Processing and Analysis Models Based
on a Sound Ground Based Experience and
Established Thermophysical Properties are Essential.
ALL Microgravity Materials Science Studies Should
be Designed, Executed and Interpreted on This Basis.
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Thermophysical Properties
Emissivity, Electrical Conductivity, Optical Properties
Calorimetry

- Specific heats
- Heats of mixing, formation, transformations, ...

Transport Coefficients
- thermal conductivity
- viscosity

- diffusion constants
Density Data

Thermodynamic Modulii

- thermal expansion coefficients
- compressibility, etc.

Vapor Pressures and Activity Coefficients

Surface Tension/Interfacial Energies
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Experimental Results

D = AT

Experiments | T [°C] | A [10-11 2] | Mission
Sn(Sn112) 5 970115 | 1.93 FSLP
Sn(Sn124) 5 370775 | 1.33 FSLP
TnsoSnzo(Sn12d) 1 7 260-900 | 3.97 | DI
TnsoSnze(Inl113) 1 [ 260-900 | S.03__ | DI
IngSSnls/InnSn-_»s 4 I 260-900 7.38 I D1
In(Inl13) 2 330-750 332 | D2
Pb(Pb204) 6 350-1055 506 | D2
[ Sb(Sbi23) | 2 700-300 532 | D2
! Sa(In) | 6 | 350-1055 s00- | D2
i In(Sn) | 2 [ 250-150 550 1 D2
D = AT? + B with B =1.1-107°2=.
Different Theories:
. Y
Arrhenius: D = Dgexp
kT
_ r2v
Vortex(Frohberg): D = 5 (kT)2
2z 0
kT
Hard Spheres(Enskog):D = —c (T)
6Eg (o)

Eyring(Hicter):D = B-T+D exp( kg)
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BENCHMARK EXPERIMENTS

Benchmark Experiments are designed to achieve a
measurement accuracy not possible in a one gravity
environment. This would imply testing of theories to
new levels of resolution that will serve as a standard
for years. This area encompasses research on
transient and equilibrium phenomena, as well as other
thermophysical measurements of interest to Materials
Science.
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A-1. DENDRITE COARSENING

CD-85-16332

33






['(6961) 0661 ‘SYT NIV 90§

“JoJAl ‘suel], ‘uoisdulary ‘@ [ pue suiD ‘g 'H woi]] skojje ug—qd ul uoTIedYIpI[Oos

jo ajel snsioAa Juioeds lejjoure| uo eiep [eruswradxa jo Arewuing  8€°6 aan3dy g
“OOm\Euv ajel yimoun

l -0t z-01 c-0l ] s-0t
(T8 T v qrrr 1 [rrT TTh T J1io0

(wr) § Buioeds Jejjawe]

35



d, Grain Size (u)

o
(7

O
n

10

AT, Degree of Undercooling (°F)
200 400 600 800

I lll[ll

B LLL

|

| l I I l b l

.\..
N A Fe-25%Ni
® Fe-25%Ni-0.3%S

100 200 300 400
AT, Degree of Undercooling (°C)




Research Areas in Electronic Materials

Convection and segregation effects during physical vapor transport
growth (examples, HgCl, ZnSe, SiC).

Segregation, convection, and double diffusive transport during
directional freezing of optical and semiconductor crystals (e.g.

PbBr7, bismuth germanium oxide, dinitrobenzene, GaAs).

Marangoni and thermally-driven convective fluid flow behavior
during solution growth (e.g. TGS, KDP).

Solidification of semiconductor alloys with wide miscibility ranges
(e.g. Si-Ge).

Containerless processing of high purity semiconductor and
superconductor crystals (e.g. yttrium barrier copper oxide).

Solidification of uniform binary organic materials with large
nonlinear optic coefficients (e.g. m- Nitroaniline-Cl-Nitroaniline).

Marangoni effects during liquid encapsulated Bridgman growth (e.g.
GaAs).

Magnetic damping effects during directional crystal growth.

Reduction of stress generation and twinning during directional
freezing (e.g. CdTe).

Defect Generation - Knowledge is largely empirical. Influenced by
melt flow.

> Growth Rate and Flow Contributions

> Concentration and Distribution
> Explanation for Reduction in pg
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Research Areas in Glasses and Ceramics

Containerless Processing

Epitaxial and Single Crystal Growth
Glass Formation

Nucleation

Surface and Interfacial Phenomena
Glass Processing (Fining)
Composite Formation
Fiber/Whisker Fabrication

Foam Production

Bulk Transport Phenomena

Crystal Growth

Phase Separation

Bubble Dynamics

Glass Processing (Melting and Homogenization)
Ceramic Powder Processing/Sintering
Joining

Gas Phase Processing/CVD
Thermophysical Properties
Chemical Reaction and Kinetics
Colloid Processing

Combustion Synthesis

FGM

Granular Material Flow
Non-Contact Shaping
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Research Areas in Polymers and
Macromolecules

Areas of interest:

Non-linear optical materials
Solvent selection
Monomer synthesis
Processing
vapor deposition
photopolymerization
sol-gel
solution growth

Fundamental phenomena:

Polymerization mechanisms
Nucleation phenomena

Growth kinetics

Effects of convection
Morphological studies

Defect Concentration (esp. NLO)
Stratification (particles and aggregates) and
anisotropy -
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RESEARCH OPPORTUNITIES
e Electrodeposition
e Joining
e Novel Materials

e Extraterrestrial Materials (HEDS)
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MICROGRAVITY MATERIALS SCIENCE: GROUND-BASED AND
FLIGHT RESEARCH RESOURCES AND PROCEDURES

Robert S. Snyder
Chief, Microgravity Science and Applications Division
NASA Marshall Space Flight Center

This paper will mainly concentrate on the ground-based and flight programs and the
procedures necessary to accomplish them. As most of you already know, one joins the
microgravity science program by writing a proposal in response to one of our bi-annual
NASA Research Announcements (NRA's). In addition to the rigorous peer review that
your proposal receives for the science you propose, your proposed need for a
microgravity environment is carefully evaluated. The maturity of your science and your
reasons for doing the experiment in space divide the proposals into those recommended
for ground-based research and those recommended for flight definition.

This division of the research program became necessary after the early days of
micrdgravity science when all good proposals were put into the flight program. As we
have developed an understanding of the microgravity environment with its advantages
and limitations, our opportunities to fly have not increased as fast as the number of
excellent proposals we receive. We have also appreciated that the ground-based program
provides a way to develop a good idea wherein the precise role of gravity can be defined
and analyzed before incurring the pressures of a flight experiment.

The microgravity environment is different than your laboratory in more ways than just
the gravity level. As a result, NASA has developed specific ways of helping you to get
your experiment into orbit. These processes have evolved into a fairly complex system
that is very strange to the neophyte scientist who is used to directing his or her own
experiments in the laboratory down the hall. Although the Space Shuttle was originally
planned to be a familiar environment for scientists with easy access to the racks using
commercial instrumentation, the reality is significantly different.

Since access to the Space Shuttle and its resources are more limited than first anticipated,
NASA has developed procedures to assure that only the best experiments will go into
space. Grouping experiments together so they can share a single facility and its resources
is one way of maximizing access to the limited resources available on orbit. The facility
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must balance all of the many scientists' needs and compromise is necessary in many
areas. However, each scientist has certain basic requirements that must be met for his or
her experiment's success.

These statements and explanations of what is needed in terms of experiment operation
and performance to satisfy the objectives becomes an agreement between the Principal
Investigator and NASA. It sets forth a clear understanding of the science objectives for
space. The Science Requirements Document supersedes the original proposal and
becomes the major document used by project managers and engineers to define the
experiment. Changing or augmenting the Science Requirements Document is difficult
once the facility and its supporting documentation for the mission takes shape.
Enumerating the various reviews of safety, hardware verification, and testing is
unnecessary, but these reviews do assure that the hardware will function as defined.
Although the NASA system is cumbersome, it does work. If the Science Requirements
Document is clearly understood by the scientists and engineers, and the facility is
designed and tested to satisfy these requirements, reliable experimental results will be
produced. In many cases, these results will be unanticipated but this will rarely be due to
the hardware.

Assuming that the science research and hardware develop according to schedule and
costs, the next challenge is how the science is to be done in the facility once it's in space.
The simple answer is that you write procedures for somebody else to do your experiment.
However, the way you would do your experiment must be put into a format that the
engineers planning the resources and facility operations will understand and interpret
correctly. Preparing these procedures can be as important as developing the facility
itself. Finally, when the time comes for your experiment to fly in space, you must
proceed through a cadre of mission operations personnel who have translated your
science requirements and procedures into NASA's own functional objectives, experiment
timelines, and training manuals.

Although this process is not what was visualized when the Principal Investigator was first
accepted into the flight definition program, there is help available. NASA has tasked
civil service scientists in materials science, most with Ph.D.'s, to work with you in getting
your experiment into space. When a flight definition experiment Principal Investigator is
named, a NASA Project Scientist is assigned to answer questions and interface with other

54



NASA personnel. The Project Scientist will spend a significant amount of his or her time
helping to get the experiment into orbit.

The system is complex, but the results from space have been exciting. As the
microgravity science program evolves and all parties become more comfortable with this
strange way of doing science, we can look forward to new discoveries and new
challenges. It is important to remember that acceptance into the flight program brings the
scientist into contact with many new people and their part of the experiment. Use your
NASA Project Scientist to understand how these other team members can help you.
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GROWTH OF FACETED CRYSTALS: STABILITY, FLOWS, DEFECTS

A.A. Chernov

Universities Space Research Association
4950 Corporate Drive, Suite 100
Huntsville, AL 35806

Tel: 205-895-0582 or 205-544-9196
Fax: 205-895-9222 or 205-544-8762

Recent precise microgravity experiments [1] and related calculations [2] give us more confidence
that the physics of instability of a growing rough interface is adequately reflected quantitatively by
the picture developed since the mid-century. Still it remains much room to elaborate behavior of

dissipative structures in poly- and even in one-component systems with rough interface.

Growth of a rough interface is determined by the isotropic interfacial kinetic coefficient and
interfacial stiffness. Interface kinetics is also so fast that transport phenomena determine growth
rate at the radii of the interface curvature exceeding ca. 10um or even less. If, however, the
growing interface is singular the interface kinetics is strongly (and singularly) anisotropic and slow
enough to control even growth rate of the mm-size crystals not saying on their polygonal shape.
Growth rate is determined not only by molecular incorporation at steps (i.e. not on the whole
surface) but also by step generations by dislocations and 2D nucleation [3]. These circumstances
make the growth kinetics of faceted crystals much more complex and provide more space for

coupling of transport and non-linear interfacial phenomena.

This overview [4-9] talk was focused on stability of an infinite vicinal interface growing by
propagation of equidistantly separated elementary steps. The problem is: will such step train

pertain regular equidistant arrangement or will it transform by itself into bunches of steps

alternated by low step density regions?

Our earlier experiments with NH,H-PO, (ADP) crystals discovered that if mother aqueous
solution flows in the same direction as the steps the flow induces strong destabilization [4].

Mutually opposite step and solution flows are stabilizing. This destabilization and stabilization are
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caused by solution flow drag of the inhomogeneous diffusion field within the boundary layer just
above the growing perturbed surface with inhomogeneously distributed steps. This diffusion field
inhomogeniety is strong because the incorporation rate at the interface is proportional to the step

density so that the logarithmic derivative of the interface kinetic coefficient =1/, p being the
vicinal slope of the unperturbed interface. Typically, 5=10"2 —107. For comparison, if the
interface is rough, this derivative is = p and effect disappears at p <<1. In general terms, the

described kinetic and flow induced stabilization/destabilization effect is associated with symmetry

breaking by both the interface kinetics and the liquid flow.

Further development of the described instability results in steepening of the step bunches traveling
along the growing surface and appearance, sometimes, macrosteps with their risers possessing
simple crystallographic orientations. The step bunches possessing high density of elementary
steps trap point defects in amounts different from the one by widely separated elementary steps.
Therefore, the bunches produce in the crystal bands of material which properties are different
from the ones of material made by single steps. Such bands have be